Biodiesel is an environmentally friendly and sustainable fuel. However, the high price of the biodiesel produced from pure vegetable oil contributes to making it uncompetitive in the market. If we can make low cost oils such as waste cooking oil and high-acid-value oil available as resources, the cost of biodiesel production will be reduced significantly. However, these low cost oils cannot be used to produce biodiesel directly because they usually contain a large amount of free fatty acids. They have to undergo a preparatory procedure to lower the acid value to a specific value. The purpose of this study was to lower the amount of free fatty acids in waste cooking oils by blending high-and low-value oils at different ratios and to reduce the transesterification reaction time using a high speed homogenizer, which has the potential to easily enlarge the capacity scale. We used a high-acid-value oil to low-acid-value oil volume ratio of 4:6 as a control. A high conversion rate (97.1%) was achieved under the optimal reaction conditions: methanol-to-oil molar ratio, 9:1; amount of catalyst (CH 3 ONa) used, 0.75 wt %; reaction temperature, 65 • C; rotation speed, 8000 rpm; and reaction time, 8 min.
Introduction
The increasing demand for energy and the awareness of dangerous environmental pollution have existed since the industrial revolution in the 1800s. Scientists are now continuously seeking alternative sources of renewable energy [1] . The development of biodiesel is being driven by the need to slow down the depletion of fossil fuels and reduce gas emissions into the air. Biodiesel can be produced from animal fats or vegetable oils with methanol or ethanol as the catalyst via a transesterification reaction. Biodiesel can be defined as a monoalkyl ester of long chain fatty acids [2] derived from a renewable lipid source. It is a new alternative to fossil fuels. Compared to the transportation of oil from fossil fuels, biodiesel's delivery is much safer and less volatile. It can directly replace diesel oil for any mechanical equipment and can be restored in any storage facility designed for oil. Biodiesel oil has unique advantages, including renewability and biodegradability and the fact that it is eco-friendly [3] and non-toxic to nature [4] .
The major hurdle for the biodiesel oil commercialization is its high cost, which is approximately two times higher than that of fossil fuels due to the cost of vegetable oil [5, 6] . Producing biodiesel oils from waste cooking oil would greatly lower the costs and efficiently solve the problem of waste oil disposal [5, [7] [8] [9] [10] [11] [12] at the same time. Researchers have shown that using waste cooking oil as a raw material to produce biodiesel oil can reduce emissions of PM, hydrocarbons (HCs), carbon monoxide (CO), and sulfur dioxide (SO 2 ) from generators and the emissions of polycyclic aromatic hydrocarbons (PAHs) from engines [13] [14] [15] , with a slight increase in the emissions of nitrogen oxide (NOx) [16, 17] . This problem can be ameliorated by adjusting the diesel injector [18] [19] [20] [21] [22] .
Another way to reduce biodiesel production costs is to find the optimal parameters, including reaction temperature, reaction time, the amount of the catalyst to be added in the reaction, and the methanol-to-oil ratio. Some researchers have experimented with base catalytic reactions, acid catalytic reactions, and enzymatic transesterification and have found that a base-catalytic reaction obtained the best result. Biodiesel can be produced under a lower temperature with a base catalyst, whereas a transesterification reaction with an acid catalyst requires higher temperatures and a longer reaction time [23, 24] . Ganesh et al. [25] studied ultrasound-assisted transesterification of waste cooking oil using potassium methoxide as a base catalyst. Under the optimal condition, the conversion rate of biodiesel oil could reach 90% in 30 min. Compared with conventional stirring, which requires 1-3 h, a reaction under ultrasound has been shown to significantly raise the efficiency of biodiesel production.
In previous research, Chen et al. [26] carried out experiments using a microwave heating system. Sodium methoxide was used as a base catalyst. The optimal reaction condition was 0.75 wt % CH 3 ONa catalyst, a methanol-to-oil molar ratio of 6:1, and a reaction time of 3 min. In the present study, we carried out experiments under a homogenizer system instead of a microwave heating system. A homogenizer is widely applied in dairy-related industries for the preparation of coarse pre-emulsions because it promotes emulsification and homogenization effectively. Researchers have reported that esterification with high-shear blenders and mixing with a homogenizer is more efficient than the use of conventional stirring. In industrialization processes, it not only saves time and effort but is also low-cost [27, 28] . However, at present, researchers have not done many studies on the transesterification of biodiesel using a homogenizer system.
Recently, Mohod et al. [29] investigated the production of biodiesel using waste cooking oil and fresh cooking oil as biodiesel feedstocks based on the use of a high speed homogenizer. It was reported that the maximum yield of biodiesel was 97% for waste cooking oil and 92.3% for fresh cooking oil under optimized operating conditions: a catalyst loading (KOH) of 3 wt %, a methanol-to-oil molar ratio of 12:1, an operating temperature of 50 • C, and a reaction time of 120 min. The study demonstrated that the application of cavitation caused by a homogenizer provides the advantages of a transesterification reaction with reduced reaction time and enhanced separation. However, the effect of rotation speed was not investigated. Joshi et al. [30] also used a homogenizer to explore the intensification of biodiesel production from soybean oil and waste cooking oil. It was found that the highest yield of biodiesel was 84% for soybean oil under the optimal reaction conditions: a catalyst (CaO) loading of 3 wt %, a methanol-to-oil molar ratio of 10:1, a reaction temperature of 50 • C, a rotation speed of 12,000 rpm, and a reaction time of 30 min. With the exception that the catalyst loading was 1 wt %, under the same optimal operating conditions as the soybean oil-produced biodiesel, the highest yield of biodiesel synthesized from waste cooking oil was 88%. As compared to the conventional stirring method, the use of a high speed homogenizer could efficiently reduce the time and energy required to produce biodiesel.
Research on the transesterification of biodiesel using a homogenizer system is relatively rare. The objective of this study was to promote a waste cooking oil transesterification reaction by using a homogenizer with sodium methoxide catalyst to enhance the efficiency of biodiesel production. We examined how a homogenizer system influences the transesterification reaction with blending oils and determined the optimal conditions for the highest conversion by adjusting the catalyst loading, reaction time, reaction temperature, methanol-to-oil molar ratio, and rotation speed. 
Experiments

Experimental Setup and Transesterification Procedure
Sodium hydroxide (NaOH; purity: 98%) was purchased from Mallinckrodt. Methanol (CH 3 OH; purity: 99.8%) was obtained from Shiyaku. Methyl laurate and acetic acid were purchased from Fluka. Sodium methylate (CH 3 ONa) was obtained from Alfa Aesar. The NaOH, methanol and CH 3 ONa were high-performance liquid chromatography (HPLC) grade. Waste cooking oil was collected from local restaurants in Tainan City, Taiwan.
The experimental setup is shown in Figure 1 . A homogenizer synthesis reactor (Hsiangtai H-M-300, Hsiangtai Co., Ltd., New Taipei City, Taiwan) is equipped with a thermostatic tank and a condenser used for homogenizer reactions. The experiments were carried out at two different catalysts (CH 3 ONa and NaOH) with different ratios based on the weight of waste cooking oil, various methanol-to-oil molar ratios (7:1, 8:1, 9:1, 10:1 and 11:1), reaction times ranging 4-12 min, and rotation speeds of 5000, 6000, 7000, 8000, and 9000 rpm. A conventional heating system (HTS-1003, Harmony, Japan) equipped with a mechanical stirrer and a condenser (LC-10, Hi-point Co., Ltd., Kaohsiung City, Taiwan) was used for the conventional heating reactions. Sodium hydroxide (NaOH; purity: 98%) was purchased from Mallinckrodt. Methanol (CH3OH; purity: 99.8%) was obtained from Shiyaku. Methyl laurate and acetic acid were purchased from Fluka. Sodium methylate (CH3ONa) was obtained from Alfa Aesar. The NaOH, methanol and CH3ONa were high-performance liquid chromatography (HPLC) grade. Waste cooking oil was collected from local restaurants in Tainan City, Taiwan.
The experimental setup is shown in Figure 1 . A homogenizer synthesis reactor (Hsiangtai H-M-300, Hsiangtai Co., Ltd., New Taipei City, Taiwan) is equipped with a thermostatic tank and a condenser used for homogenizer reactions. The experiments were carried out at two different catalysts (CH3ONa and NaOH) with different ratios based on the weight of waste cooking oil, various methanol-to-oil molar ratios (7:1, 8:1, 9:1, 10:1 and 11:1), reaction times ranging 4-12 min, and rotation speeds of 5000, 6000, 7000, 8000, and 9000 rpm. A conventional heating system (HTS-1003, Harmony, Japan) equipped with a mechanical stirrer and a condenser (LC-10, Hi-point Co., Ltd., Kaohsiung City, Taiwan) was used for the conventional heating reactions. 
Analytical Methods
The acid value (AV) and saponification value (SV) were determined in accordance with the official methods set forth by the AOCS (America Oil Chemists' Society). That is, the acid value was assessed using AOCS Official Method Cd 3d-63 [31] , and the saponification value was determined with AOCS Official Method Cd 3-25 [32] . The acid value was measured as follows: 5.0 g of the oil was added into a 150 mL alcohol/ether (1:1; v/v) solution in a 250 mL Erlenmeyer flask; then, a small amount of 1% phenolphthalein indicator was added into the solution. Eventually, we titrated with a 0.1 N potassium hydroxide solution. The saponification value was measured as follows: 2.0 g of the oil was added into a 25 mL potassium hydroxide/alcohol (1:1; v/v) solution in a 250 mL Erlenmeyer flask. The solution was refluxed with heat for one hour. Then, a few drops of 1% phenolphthalein indicator was added into the solution. Eventually, we titrated with 0.5 N hydrochloric acid.
The acid value (AV) of the waste cooking oil was calculated according to the following equation:
where NaOH V is the volume of sodium hydroxide titrant used (mL), and W is the oil weight (g).
The saponification value (SV) of the waste cooking oil was calculated with the formula below: 
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where V NaOH is the volume of sodium hydroxide titrant used (mL), and W is the oil weight (g). The saponification value (SV) of the waste cooking oil was calculated with the formula below:
where S is sample titration amount (mL), B is blank titration amount (mL), and W is oil weight (g). The molecular weight (MW) of the waste cooking oil (WCO) was calculated using Equation (3) from its saponification value and acid value [33] , and is given in Table 1 .
where SV is the saponification value (mg KOH/g) and AV is the acid value (mg KOH/g). In the present study, the analytical method used to determine the content of FAME followed the Taiwan CNS-15051 standard. Many studies follow the CNS-15051 standard (e.g., Chen et al. [26] and Kuan et al. [34] ). The biodiesel samples were analyzed with a Perkin Elmer GC Clarus 600 equipped with a capillary column (SPBTM-WAX, 30 m × 0.75 m × 1.0 µm) and a flame ionization detector (FID). The FAME standards for GC calibration were methyl laurate (C12:0 used as the internal standard [35] [36] [37] ), methyl myristate (C14:0), methyl palmitate (C16:0), methyl palmitoleate (C16:1), methyl stearate (C18:0), methyl oleate (C18:1), methyl linoleate (C18:2), and methyl linolenate (C18:3). Their retention times thus were employed in identifying the chromatogram images obtained from the biodiesel samples.
In this study, 0.05 g of methyl laurate and 10 mL of hexane were added as internal standards into crude biodiesel [35, 36] . Then, 0.5 g of the sample was mixed evenly with internal standards and a small portion of the sample (1 µL) was injected under the following conditions: the injector temperature was 280 • C with a split ratio of 1:20, the carrier gas was nitrogen at a flow rate of 45 mL min -1 , the airflow rate was 450 mL min −1 , and the temperature of the detector was 300 • C. Oven temperatures were started at 210 • C, held for 4 min, increased to 240 • C at a rate of 4 • C min −1 , and held there for 8 min.
After the FAME area (sum of peak FAME area from C14 to C24:1) and area of reference (peak area of the internal standard) were calculated, then the conversion rate of biodiesel could be obtained using Equation (4) [35, 36] :
area of FAME area of reference × weight of reference weight of crude oil
The data on conversion rate were obtained by averaging three individual measurements and the standard deviations were shown with error bars. 
Results and Discussion
The Best Ratio of the High-Acid-Value Oil to Low-Acid-Value Oil
The acid value (AV), saponification value (SV), and molecular weight (MW) of the high-acid-value oil and low-acid-value oil were analyzed, as shown in Table 1 . The large amount of free fatty acids (FFAs) in high-acid-value oil causes the oil to hydrolyze and oxidize more easily. Therefore, we blended high-acid-value oil with low-acid-value oil to balance the free fatty acids instead of pre-producing the high-acid-value oil into suitable oil for the experiment using acid and base catalysts. Canakci and Van Gerpen [38] treated feedstock with H 2 SO 4 to reduce the level of free fatty acids to below 1 wt %, followed by a transesterification reaction catalyzed by homogeneous base KOH. This two-step process for the acid catalyzed esterification process and base catalyzed transesterification process were used to produce biodiesel from C. inophyllum oil with high FFA. The drawback of this two-step process is the requirement of extra steps to separate the catalysts from the products and the increased time necessary to remove the catalyst in both stages. In addition, the use of an extra catalyst will add to the cost of biodiesel production. Moreover, it requires more water to clean the catalysts. It was shown in previous research that an AV lower than 2 KOH mg/g facilitates the transesterification reaction of biodiesel [39] . Thus, if oil contains higher amounts of FFAs (>2 KOH mg/g), it will form soap with the use of an alkaline catalyst (Scheme 1).
The AVs of blended oil are shown in Table 2 . In our research, high-acid-value oil and low-acid-value oil were blended in different volume ratios to make the AV lower than 2 KOH mg/g, causing the transesterification reaction was accomplished in one step. It was found that the best ratio of the high-acid-value oil to low-acid-value oil was 4:6, which was adopted for the experiments. 
Comparison of the Conversion for Homogenizer and Conventional Heating
A comparison of the conversion with the NaOH catalyst between heating with a water bath (conventional heating) and heating with a homogenizer is shown in Table 3 . The reaction was conducted with a methanol-to-oil molar ratio of 9:1, a 0.75 wt % NaOH catalyst, a reaction time of 8 min, and a reaction temperature of 65 • C. Table 3 shows that, at both 5 and 10 min, the conversion was more significant by using the homogenizer for the process. Under the conventional heating system, the conversions were 5.04% and 9.66% at 5 min and 10 min, respectively, while, under the homogenizer system, the conversions were 79.50% and 98.24% at 5 min and 10 min, respectively. Specifically, the conversions with a homogenizer were 10 times higher than those with conventional heating at the same reaction time. The liquid was driven into a narrow shear zone because of the high rotor speed. The liquid was disseminated into small particles and distributed evenly. During the transesterification reaction, the reaction occurred in both the surface and in the interior. The heat was conducted to the surface of the heated objects and then gradually spread into the interior to raise the temperature of the core using conventional heating. This took a much longer than it did using a homogenizer to conduct the heat uniformly. In addition, the methanol was heated due to the friction generated by using a homogenizer. This promotes the rate of the reaction. We thus found that the reaction was processed more efficiently with the use of a homogenizer system. Note: Operating conditions: a methanol-to-oil molar ratio of 9, a 0.75 wt % catalyst (NaOH), a reaction time of 8 min, and a reaction temperature of 65 • C. Figure 2 shows the effects of catalyst type (NaOH and CH 3 ONa) and amounts of catalysts (0.50%, 0.75%, 1.00%, 1.25% and 1.50% by oil weight) on the conversion with a methanol-to-oil molar ratio of 9:1, a reaction temperature of 65 • C, a reaction time of 8 min, and a rotation speed of 7000 rpm. It can be clearly seen that the conversions of biodiesel under CH 3 ONa catalyst were higher than those under NaOH catalyst. The conversion of biodiesel increased with the amount of the catalysts ranging from 0.50 to 1.00 wt %, but then decreased in the range from 1.00 to 1.50 wt %. The best conversion of biodiesel made from waste cooking oil was achieved with a 1.00 wt % CH 3 ONa catalyst. When the CH 3 ONa catalyst was 0.75 wt %, the conversion had already reached over 96.5% and thus complied with the Taiwan CNS 15072 biodiesel standard (96.5%). Under this condition, excessive water would not be produced, and the product would reach a maximum yield. The transesterification reaction of the methanol and NaOH is based on Scheme 2.
Effects of Catalysts Type and Amounts of Catalysts
For base-catalyzed transesterification, glycerides and alcohol must be anhydrous because water will give rise to oil saponification, which increases viscosity [40, 41] . In the experiments, we found that, when the catalysts over 2.1 wt % were added, the biodiesel led to the formation of soaps. When the catalyst was insufficient, it took a longer time to react and the biodiesel conversion was also lower. However, a further increase in the catalyst did not increase the conversion but rather decreased it. Similar results were also reported by Encinar et al. [41] . In this study, it was found that the most suitable catalyst loading was 0.75 wt % and that the conversions of biodiesel with the CH 3 ONa catalyst were higher than those with the NaOH catalyst.
Effects of Methanol-to-Oil Molar Ratio
According to the results discussed in Section 3.2, the transesterification reaction with the CH 3 ONa catalyst exhibited better conversion than that with the NaOH catalyst. Thus, CH 3 ONa was used as the catalyst in the remaining experiments. Experiments were carried out with a 0.75 wt % CH 3 ONa catalyst, at a reaction temperature of 65 • C, a reaction time of 8 min, a rotation speed of 7000 rpm, and various methanol-to-oil molar ratios (7:1, 8:1, 9:1, 10:1, and 11:1) to investigate the influence of the methanol-to-oil molar ratio on conversion. As shown in Figure 3 , the conversion of biodiesel increased with increases in the methanol-to-oil molar ratio. The conversion was only 75.88% when the methanol-to-oil molar ratio was 7:1, due to the incomplete reaction. As the methanol-to-oil molar ratio increased from 7:1 to 9:1, the conversion increased from 75.8 to 96.7%, ensuring adherence to the Taiwan CNS 15072 biodiesel standard (96.5%). Furthermore, we obtained the best conversion of 97.38% when the methanol-to-oil molar ratio was 10:1. However, the conversion slightly decreased when the methanol-to-oil molar ratio was 11:1. This was attributed to the excess amount of methanol. The concentration of the catalyst was diluted when methanol was added excessively, causing a reverse reaction to occur. Furthermore, glycerol and biodiesel are miscible due to the use of excess methanol. The reaction could not be carried out efficiently, and therefore the conversion was lower [35] . From this experiment, we considered a methanol-to-oil molar ratio of 9:1 to be the most suitable level in terms of both conversion and production costs.
CH3O -+ H2O ↔ CH3OH + OH -
For base-catalyzed transesterification, glycerides and alcohol must be anhydrous because water will give rise to oil saponification, which increases viscosity [40, 41] . In the experiments, we found that, when the catalysts over 2.1 wt % were added, the biodiesel led to the formation of soaps. When the catalyst was insufficient, it took a longer time to react and the biodiesel conversion was also lower. However, a further increase in the catalyst did not increase the conversion but rather decreased it. Similar results were also reported by Encinar et al. [41] . In this study, it was found that the most suitable catalyst loading was 0.75 wt % and that the conversions of biodiesel with the CH3ONa catalyst were higher than those with the NaOH catalyst. 
Effects of Methanol-to-Oil Molar Ratio
According to the results discussed in Section 3.2, the transesterification reaction with the CH3ONa catalyst exhibited better conversion than that with the NaOH catalyst. Thus, CH3ONa was used as the catalyst in the remaining experiments. Experiments were carried out with a 0.75 wt % CH3ONa catalyst, at a reaction temperature of 65 °C , a reaction time of 8 min, a rotation speed of 7000 rpm, and various methanol-to-oil molar ratios (7:1, 8:1, 9:1, 10:1, and 11:1) to investigate the influence of the methanol-to-oil molar ratio on conversion. As shown in Figure 3 , the conversion of biodiesel increased with increases in the methanol-to-oil molar ratio. The conversion was only 75.88% when the methanol-to-oil molar ratio was 7:1, due to the incomplete reaction. As the methanol-to-oil molar ratio increased from 7:1 to 9:1, the conversion increased from 75.8 to 96.7%, ensuring adherence to the Taiwan CNS 15072 biodiesel standard (96.5%). Furthermore, we obtained the best conversion of 97.38% when the methanol-to-oil molar ratio was 10:1. However, the conversion slightly decreased when the methanol-to-oil molar ratio was 11:1. This was attributed to the excess amount of methanol. The concentration of the catalyst was diluted when methanol was added excessively, causing a reverse reaction to occur. Furthermore, glycerol and biodiesel are miscible due to the use of excess methanol. The reaction could not be carried out efficiently, and therefore the conversion was lower [35] . From this experiment, we considered a methanol-to-oil molar ratio of 9:1 to be the most suitable level in terms of both conversion and production costs. Figure 3 . Effects of methanol-to-oil molar ratio on the transesterification reaction. Reaction conditions: methanol-to-oil molar ratio, 7:1-11:1; amount of catalyst used, 0.75 wt %; rotation speed, 7000 rpm; reaction temperature, 65 °C ; and reaction time, 8 min.
Methanol to oil in molar ratio
Effects of Rotation Speed
Experiments were conducted with a 0.75 wt % CH3ONa catalyst, at a reaction temperature of 65 °C , a reaction time of 8 min, a methanol-to-oil molar ratio of 9:1, and various rotation speeds (5000, 6000, 7000, 8000, and 9000 rpm) to investigate the influence of rotation speed on conversion. As illustrated in Figure 4 , the conversion rate increased with increases in the rotation speed. The conversion rate was 98.3% when the rotation speed was 9000 rpm. Due to the increase in the rotation speed, the oil, methanol and catalysts mixed more homogeneously, and the contact surface area was also increased. Therefore, the conversion of biodiesel was enhanced to a higher level. To reduce the energy consumption and ensure adherence to the Taiwan CNS 15072 biodiesel standard, a rotation speed of 8000 rpm was considered to be the most suitable speed in our study. 
Effects of Reaction Time and Reaction Temperature
Effects of Rotation Speed
Experiments were conducted with a 0.75 wt % CH 3 ONa catalyst, at a reaction temperature of 65 • C, a reaction time of 8 min, a methanol-to-oil molar ratio of 9:1, and various rotation speeds (5000, 6000, 7000, 8000, and 9000 rpm) to investigate the influence of rotation speed on conversion. As illustrated in Figure 4 , the conversion rate increased with increases in the rotation speed. The conversion rate was 98.3% when the rotation speed was 9000 rpm. Due to the increase in the rotation speed, the oil, methanol and catalysts mixed more homogeneously, and the contact surface area was also increased. Therefore, the conversion of biodiesel was enhanced to a higher level. To reduce the energy consumption and ensure adherence to the Taiwan CNS 15072 biodiesel standard, a rotation speed of 8000 rpm was considered to be the most suitable speed in our study.
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further to 10 min at a temperature of 65 °C , the conversion slightly increased to 98.2%, and the trend leveled steadily. However, with a further increase in reaction time from 10 to 12 min, the conversion of biodiesel did not increase. The longer the reaction time was, the more the methanol turned into vapor. This caused the reaction to fail to enhance the conversion. Thus, excess reaction time did not enhance the conversion rate of biodiesel. 
Conclusions
The experimental results show that the best ratio of the high-acid-value oil to low-acid-value oil was 4:6 to make the Acid value lower than 2 KOH mg/g to complete the transesterification reaction in one step. The reaction time was reduced significantly and the conversion rapidly ensured adherence to the Taiwan CNS 15072 biodiesel standard (96.5%) by using a high-speed homogenizer. Specifically, the conversions with a homogenizer were 10 times higher than those with conventional 
Effects of Reaction Time and Reaction Temperature
Experiments were carried out with a methanol-to-oil molar ratio of 9:1, a 0.75 wt % CH 3 ONa catalyst, a rotation speed of 8000 rpm, various reaction temperatures (55, 60, and 65 • C), and various reaction times (4, 6, 8, 10 , and 12 min) to investigate the influence of reaction time and reaction temperature on conversion. As shown in Figure 5 , an increase in reaction time from 4 to 10 min caused a significant increase in conversion, but the conversion decreased with a further increase in reaction time to 12 min. Figure 5 also shows that temperature enhanced the conversion of biodiesel. Due to the lower temperature at 60 • C, the conversion of biodiesel did not reach the standard (96.5%) in 8 min but reached 97.1% in 10 min. At 65 • C, the conversion reached 97.1%, ensuring adherence to the Taiwan CNS 15072 biodiesel standard (96.5%), in 8 min. At 65 • C, the system became disturbed because the temperature had reached the boiling point of methanol. When the reaction time went further to 10 min at a temperature of 65 • C, the conversion slightly increased to 98.2%, and the trend leveled steadily. However, with a further increase in reaction time from 10 to 12 min, the conversion of biodiesel did not increase. The longer the reaction time was, the more the methanol turned into vapor. This caused the reaction to fail to enhance the conversion. Thus, excess reaction time did not enhance the conversion rate of biodiesel.
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Rotation speed (rpm) Figure 4 . Effects of rotation speed on the transesterification reaction. Reaction conditions: methanolto-oil molar ratio, 9:1, amount of catalyst used, 0.75 wt %; rotation speed, 5000-9000 rpm; reaction temperature, 65 °C ; and reaction time, 8 min. 
Conclusions
The experimental results show that the best ratio of the high-acid-value oil to low-acid-value oil was 4:6 to make the Acid value lower than 2 KOH mg/g to complete the transesterification reaction in one step. The reaction time was reduced significantly and the conversion rapidly ensured adherence to the Taiwan CNS 15072 biodiesel standard (96.5%) by using a high-speed homogenizer. Specifically, the conversions with a homogenizer were 10 times higher than those with conventional water bath heating at the same reaction time. Moreover, the conversions of the biodiesel using CH 3 ONa as a catalyst were higher than those with NaOH catalyst. It is noteworthy that a high conversion rate (97.1%) was achieved under the optimal conditions: a methanol-to-oil molar ratio of 9, 0.75 wt % CH 3 ONa, a reaction temperature of 65 • C, and a rotation speed of 8000 rpm for 8 min. 
